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The ability to separate acoustically radiating and non-radiating components in uid ow
is desirable to identify the true sources of aerodynamic sound, which can be expressed in
terms of the non-radiating ow dynamics. These non-radiating components are obtained
by ltering the ow eld. Two linear ltering strategies are investigated: one is based on
a dierential operator, the other employs convolution operations. Convolution lters are
found to be superior at separating radiating and non-radiating components. Their ability
to decompose the ow into non-radiating and radiating components is demonstrated on
two dierent ows: one satisfying the linearized Euler and the other the Navier-Stokes
equations. In the latter case, the corresponding sound sources are computed. These
sources provide good insight into the sound generation process. For source localization,
they are found to be superior to the commonly used sound sources computed using the
steady part of the ow.
I. Introduction
Aircraft noise severely impacts the quality of life of residents living near airports and is a problem that
will become even more pressing in the future, with air trac forecast almost to double in the due next two
decades. One of the most dominant sources of aircraft noise is jet noise. It has been greatly reduced following
the advent of high bypass-ratio engines that reduce signicantly the jet exit velocity. Further increase in
bypass ratio would adversely aect the propulsive eciency. Hence we need other means of noise reduction.
However, despite more than 50 years of research in aeroacoustics, controlling the sound radiated by turbulent
jets remains dicult. One reason is that no denite answer has been found on how turbulent ows generate
sound.1 A major obstacle is the lack of understanding of the true sources of sound in a jet.
One way to derive sound sources from a uid-ow is to use an acoustic analogy. In an acoustic analogy,
the complex ow eld is rst replaced by a simpler ow, in which the propagation of sound is more straight-
forward. For example, Lighthill's acoustic analogy2 relies on a quiescent medium, while Lilley's analogy3
uses a parallel ow. Secondly, an expression for the sound sources is obtained by assuming that the sound
propagates through the simpler ow. These sound sources can be used to predict the sound radiating to the
far-eld. The advantage of the method is to greatly simplify the propagation of sound: complex propagation
eects are put within the sources themselves. This is also a disadvantage if we want to identify the true
sound source; the sound sources obtained by means of acoustic analogies contain a mixture of the true sound
sources, complex propagation eects, and nonlinear hydrodynamic-wave sources present in the original ow.
Identifying the radiating core of the source a posteriori is very dicult.4
An alternative method for identifying the physical sound sources is proposed by Goldstein.5 He suggests
that the governing equations for the acoustic eld are the Navier-Stokes equations linearized about the
non-radiating ow. The resulting sources depend largely on the non-propagating ow eld and because
they are devoid of propagation eects and hydrodynamic wave sources, they can be identied as the true
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